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' FLIGHT TESTS OF AN SB2C-3 ATRPLANE WITH .
A PRODUCTION #ND TILTED PROPELLER XIS

By R. Fablan Goranson
SUMMARY

Flight tests have teen made to measure the changes
in static longitudlnai stability dus to tilting the pro-

peller axis of an SB2C-3% alrplane downward 5%9. The

results of these tests show that tilting the propeller
axls downward was beneficlal in that the stick-free -

" heutral point moved aft 1 to 3 percent mean aerodynamic
chord' for the climb conditlion, 1 percent in the approach
:eondition, and 2 to 5 percent in the wave-off conditlon;
however, this increase in stabllity was appreclated by
the pilot only at a forward center-of-gravity positlon _
where the alrplane was unstable wlta the standard englne
but became steble when the tilted engine was Installed. .
- With the ti1lted engine, trim forces due to power changes
: were reduced by 25 percent of the valuse obtained with
the standard englne Installation, -

INTRODUCTION

Analytlical investigatlions and wind-tunnel teats
(reference 1) indicate that tilting the propeller exis
downward can result 1ln beneflclal changes in the statlc
longltudinal stabllity characteristics of an salirplans.
Flylng-qualitlies measurements (reference 2) indicated
that the SB2C-1 airplane was derilcient in longitudinal
stabllity. Interest 1n the potential use of tilted
propeller axis to lmprove the longitudinal stabllity of
this end other Naval combat alrcraft prompted tne
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Bureau of Asronsutlcs, Navy Deparfment, to authorize the
modification of SB2C-3 airplane Nb. 19332 so0 as to

tllt the propeller axls downward 52 o - Flight tests at

the Patuxent Naval Alr Station (reference 3) which were
made for a rear center-of-gravity posltion indicated
that no differences existed between the airplane wilth
the tilted propeller axis and other SB2C-3 alrplanes
with standard englne lnstallatlons, but ne quantitative
measurements were made. The Bureau of Asronautlcs,
thererore, requested that -the Langley Laboratory instru-
ment the airplane and make more complete tests. The
tests wers conducted between January 25, 19L5 .and March 16,
1945. In order to eliminate errors due to differences
between productlion alrplanes, only one alrplane was used
and the propeller axis tilt vwas altered by changing
engline mounts.

DESCRIPTION OF ATIRPLANE AND TESTS

The SB2C-3 airplane (Na. 19332) used in these tests
differs from earlier models of tlie SB2C &alrplane in that
1t 1s equipped with a Wright R-2600-20 engine and a four-
blade Curtiss ‘electrlc propeller (Curtiss Co. Drawing :
No. $271200). The engine installation was converted .
from the standard to the tilted installation by replacing
the engine mount and a part of the cowlling. A slde view
of the alrplane ‘with the tllted englne 1nstalled is shown'
in figure 1 and a close-up of the cowling for the tllted
and standard installatlion is shown in figure 2. The
tilted propeller axls was inclined downward 3. 5 from
the standard lnstallstlon.

Static longitudinal stabllity characteristics were
measured for five configurations tabuleted in the fol-
lowing table:



MR No. L5El9a

Conditionlanding| Fleps |Front |Cowl " | RPW’ |Menifold (Trim..
gear 1_hggd_ flaps | ° . |[pressurs, |apesd
- - [ PTR O - Y [, ) 1n. Esat (mph)
5000 ft
climd | Op Uo - |Closed|open | 2400 | 38 200
) . . 1lin,- ) BT '
olide op . Up . |€losed|Closed|Bngine| Bngine :|.200
ldling} idlling
Wave-off | Down Down | Opea |Full -| 2400 |’ "38. ° 100
_ open’.| -l :
Approach | Dowm |1/2 down| Open [Open { 2400 21 100 -
. 1l in. ' -
lahding | Down Down Open |Open |[Engine| Engine 100
. 1 in. {idling| idling
Bomb-hay doors, vision doors, A;d rear hood olcsed for all
conditlons. .

For esck condltlon, static lonsritudiral stabllity
was moasured szt thres center-of-gravity vesitiocns which
are tabulsted 1in the following table together tith the
corresponding gross welghts: . '




L MR No. I5E19a

Climb |Glide [Wave-off| Approach |Landing

Standard englne

Genter of - :
gravity - 22.0] 21.2 21,9 |. 20.8 22.1] . 21.5
Welght 12,252111,973'| 12,250 |11,826 12,365] 12,120
Tilted englne
Coenter of ) ]
gravity 21,4 | 21.0f 20,4 | 20.6 20.0
Weight 12,120 |11,935] 11,725 |11,815 11,58
Standard engine
Center of
gravity 25.71 25.3|  2L.8 | .25.0. . 2.5
Waight 12,625 |12,455| 12,220 {12,315 12,11
Tilted engine
Center of N
gravity 2L.71 - 2.3 2,.8 25.1 - 2h.ly
Weight 12,600 112,425 12,625 |12,78 12,155
Standard engine
Center of |
gravity 32.1| 32.1 31.8 31.9 31.9
Weight 13,12613,130| 12,874 |12,976 ' 12,975 -
Tilted englne
Center of )
gravity 31.7| 31l.L 31.1 31.2 31.0
Relight 13,220113,025 12,745 |12,855 12,6850

-Except at near stalllng speeds, the dats were
obtained by "spot-record" method wherein the speed of
the airplane 1s changed by small increments and a record
1s obtalned while the alrplane 1s flylng steadlly at
each speed. Near the stalllng speeds a contlnuous record
was obtained while the speed was gradually dscreased.
Points read from these continuous records are identifled
in figures 3 to 10 by flags on the symbols. Elevator
angles were measured with respect to the stabllizer
chord line.
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The data obtalned were measured by. the following
standard NACA 1nstrumants synchronized by a chronometric
timsr-

Alrspeed recorder

Elevator-position recorder

Recording accelerometer (three-component)
Stick-force recorder.

Yaw-angle recorder

Recording inclinometer (longitudinal axis) :

Airspeed was measured by an NACA free-swiveling
static head and a .shislded total head mounted on &
stralght boom approximately 1 chord length ghead of the
right wing tip (fig. 1). The Installation was call-
brated for position error by the tralling-bomb method.
The term "airspeed" as used in thls report is the service
indicated alrspeed deflned by the equation:

Vi = 45.08F V3]
where

vy service indiceted alrspeed 1ln mlles psr heour; that
1s, the resding that would be given by a °tandard
Army-Yavy elrspeed meter 1f 1t were tonnected to
a8 pltot-statlic system free from position error

fo standard sea-level compressibllity correctlon factor

dg nressure differentlal in inches of water between
total and static head, corrected for positlion
error

RESULTS AND DISCUESION

The elevator stlick forces dus to friction in the
control system was measured on the ground and these data
(fig. 3) show that stick forces due to friction were
approximately %3.5 pounds throughout the deflection
range. Statlc stabllity date for each of the five con-
figurations wlth stendard and tllted engine installation
are presented. in conventional form in figures l. ‘throuch 8
These data are replotted as a functlon of - elrplane

1 IINE N I | — - " - o
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normal-force coefficlent 1in figres 9 and 10 and the
grapnical determination of neutral points from these
replofts is presented In figure 11, A symmary plot showing
the variation of neutral-point locatlon witlh normal-force
coefficient 1s nresented in figure 12,

The data presented herein show that tilting tne
propeller axls down 3%0 Increased the stabillty an amount

corresponding to a rearward shift in the stick-froe
neutral point ranging from 1 to 3 percent mean aerody-
nemic chord In climb conditions, 1 percent in the epmroach
condition, and 2 to 5 percent in the wave-off condition.
The pllot, however, dld not appreclate the improvement
except at the extreme forward center-of-gravity position.
Tests at this extreme forward ceuter-of-gravity positicn,
woll forward of the normal service canter-of-gravity
range, were included 1n order taat the airplane with
tilted engine be tested at a center of gravity forward
of the stick-~free neutral point for all condltions. The
data in figure 11 show that the alrplane wac unstable
for sone conditlons with the standard engi,.s but was
stable for all condltions with the tilted englne. It
appears, therefore, that the pllot could sppreclate the
imoroved stablllity when the change went from an unstahle
to a stable cenditicn but that 1t was difficult, in
cases where the alrplane was unstable with both engine
installationa, to ascertaln which of the two unsatls-
factory conditions was more undesirable,

Trim-force changes with changes in power and flap
settins were elso measured and the results are »resented
in table I. Examinatlon of these data indlcates that
tilting the propeller axls reduced the trim-force changes
due to power by approximately 25 percent of the force
changes that occurred with the standard engine '
Installation.

The propeller axis lnclinatlion was measured in
level flight at 230 miles per hour, service indicated
alrspeed. These measurenents showed that the inclinsa-
tion of the Bropeller axls with respect te the flight
path was 2,0" up for the standard engine and 0,7° down
for the tllted engine. Because the change 1n englne
tilt was %.59, these measurements lndiecate trat the ‘anzle
of attack of the alrplane was 0.3C¢ greater with the .
tilted engine installiation than with the standard engine
installation. The 0.8° change in sirplane angle of
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attack may he accounted for approximately by the changes
in resultant normasl forcss on the propeller and the
horizontal tail. o

" CONCLUSIONS

1. Tilting the propeller axls improved the static
longitudinal stability of the SB2C~3 airplane, but the
cha e was not. eufficiently large ' to meke the ‘alrplane

table 1ln all normal service flight condition. It was
therefore difficult for the-pillot to appreciate the
improvement- in-longltudinal stability. except st an
extreme forward cehtsr-of-gravity p031tion where the
alrplane with ndérmal engine installation was unstable
in some conditions but the ‘airplane with tilted engine
installation was stable in all Plight cohditiens tested.

2, With the tilted engine, stlcik~-force changes due
to power changes were reduced by ap roximately 25 per-~
coent of the values with the standerd engine instellation.

Ienclzy Yemorlal Aeronsutlecal Lahoratory
Mational Advisory Committee for Aeronautics
Langloy FPleld, Va.
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TABLE I.- CHANGE IN ELEVATOR STICE FORCE WITH CEANGES IN AIRPLARE CONFIGURATION

Condition

Climb condition trim at 120 miles per hour

Pull force

Pull force

Tilted engine,
Tab L.3° n. up
Cefe 0-238 M.A.C.

Standard engine,
Tab 3.0° n. up
Cefs 0.2)43 M.A.C.

Tilted engine,
Tab 1.5° n. up
Cege 0-508 M.A.C.

Standard engine,
Tab 1.3° n. down
0.g. 0.317 M.A.C.

CLI¥B

Power off, cowl
flaps closed

Gear lowerag

Hood open, cowl
flaps open 1 in.

Flaps lowered
Rated power applied

2

1o
12

11
6
"'1.5

0

B
13

i
9
-l

0

~ ® =3 B

0

y

E AN - o O On

landing condition trim at 100 miles per

hour

Tilted englme,
Tab 14.9° n. up
Qe 00238 H.2.C.

Standard engine,
Tab 15.6° n. up
Cefe. 0-2[2 ¥.A.C.

Tilted engine,
Tab 4.9° n. up
c-gl 0-308 ’{IA,.G.

Standard engine,
Tab 5. 10 D. up ,
0.8 0.315 H.A.(IE.

LAKRDIRG

Rated paower applieni
Gear retraoted
Coxl opened
Flaps retracted
Eoocd closed

-5
-19

]
-30
“35+
“35+
-29
-28

0

9.5
~10

-9
-9

0
-13
=15
-15
=17

-15.5

NATIONAL ADVISORY

8Record line went off scale, indicating that the force exceeded =35 pounds.
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Figure 1.- View from starboard side of SB2C-3 airplane with tilted engine installation.
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Figure 2.- Closeup of engine cowl installation.
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Figure 3, - Elevator stick force due to friction and welght
moments as measured at three-point attitude om
the ground with no load on the elevator. Pro-
duction bobweight installed. Free air tempera-
ture 10 degrees C. SB2C-3 airplane.
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Figure 4. Static longitudinal 8tability characteristics

of the 8B2C-3 airplane, Climb condition:

A landing gear and flaps retracted, 38 in.
Eg menifold presgure at 2400 rpm,

*ON YN

'6 THSGT




MR No.

L5E19a

Engine tilted condition

Concluded.

(o)

Figure 4
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(b) Wave-off and approach condition
Figure 9. Continued,
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Figure 10.

(a)

¢limb and glide condition
Tilted engine installation SB2C-3 alrplane static longitudinal stability
characteristics as & function of airplane normal force coefficient.
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Figure 12. - Variation of neutral point
location with airplane
normal force coefficient.
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